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ABSTRACT 

An es t imated  1,111.3 tonnes o f  P a c i f i c  h e r r i n g  Clupea harengus p a l l a s i  were 
harvested by t h e  f a l l  1988 food-and-ba i t  f i s h e r y  i n  P r i nce  W i l l i a m  Sound, Alaska. 
The 1989 s p r i n g  sac r o e  and spawn-on-kelp f i s h e r i e s  i n  P r i nce  W i l l i a m  Sound were 
n o t  opened because o f  t h e  o i l  s p i l l  r e s u l t i n g  f rom t h e  grounding o f  t h e  t anke r  
#/V Exxon Valdez on 24 March 1989. There were f i v e  major  spawning concen t ra t i ons  
o f  h e r r i n g  i n  P r i nce  W i l l i a m  Sound d u r i n g  1989: (1 )  southeast -shore area; (2)  
nor theas t -shore  area; (3) no r t h - sho re  area; and (4)  Naked I s l a n d  area; and (5 )  
Montague I s l a n d  area. An es t imated  35,956.3 tonnes o f  h e r r i n g  were observed 
spawning i n  these areas d u r i n g  a e r i a l  surveys. Th i s  compared t o  52,235.5 tonnes 
o f  spawning h e r r i n g  est imated f rom t h e  spawn d e p o s i t i o n  surveys. The spawn 
d e p o s i t i o n  survey es t ima te  was 1.45 t imes  l a r g e r  than  t h e  a e r i a l  survey es t imate .  
H e r r i n g  were observed t o  have spawned on a  t o t a l  o f  163.3 km o f  s h o r e l i n e  i n  t h e  
f i v e  areas. The h e r r i n g  had a  es t imated  mean weight  o f  116 g. The t o t a l  spawning 
biomass (52,235.5 tonnes) was unharvested i n  1989 because a l l  t h e  1989 s p r i n g  
h e r r i n g  f i s h e r i e s  i n  Pr ince  W i  11 i am Sound were c losed.  The es t imated  e x p l o i t a t i o n  
r a t e  f o r  t h e  1988-1989 f i s h i n g  season ( food-and-ba i t  f i s h e r y  o n l y )  was 2.1% by 
we igh t  and 2.7% by number. The biomass o f  h e r r i n g  i n  P r i nce  W i l l i a m  d u r i n g  t h e  
1988-89 season was dominated by t h e  1984 yea r  c l a s s  (age-4 f i s h  i n  t h e  1988 food-  
and -ba i t  f i s h e r y ,  and age-5 f i s h  i n  t h e  t o t a l  spawning biomass). The 1988 
commercial food-and-ba i t  harves t  was composed o f  38.7% by weight  and 37.7% by 
number age-4 h e r r i n g .  The t o t a l  spawning biomass i n  1989 was composed o f  63.6% 
by weight  and 69.7% by number age-5 he r r i ng .  

KEY WORDS: P a c i f i c  h e r r i n g ,  Clupea harengus p a l l a s i ,  P r i nce  W i l l i a m  Sound, 
t o t a l  spawning biomass, a e r i a l  survey, spawn d e p o s i t i o n  survey, age- 
we igh t - leng th -sex ,  food-and-ba i t ,  sac roe,  spawn-on-kelp, pound 
f i s h e r y ,  M/V Exxon Valdez, o i l  s p i l l  



INTRODUCTION 

Pacific herring Clupea harengus pallasi spawn throughout Prince William Sound 
each year from mid April through early May. Even though the herring that spawn 
within Prince Wil 1 iam Sound may be composed of several populations, they are 
managed as a single stock. This stock has been defined as those herring that 
spawn within the coastal waters between Point Whi tshed and Cape Fairfield (Figure 
1) 

There are five commercial fisheries that harvest or use herring within Prince 
Will iam Sound, A1 aska, each year: (1) purse seine food-and-bai t fishery; (2) 
purse seine sac roe fishery; (3) gill net sac roe fishery; (4) wild spawn-on-kelp 
fishery; and (5) pound spawn-on-kelp fishery. Since 1969 the five commercial 
fisheries have harvested or used 6,258.6 tonnes of herring annually (Table 1). 
The purse seine sac roe fishery has accounted for an average of 65.9% (4,685.2 
tonnes) of the herring, followed by the wild spawn-on-kelp fishery with 28.3% 
(1,281.4 tonnes), the food-and-bait fishery with 14.1% (675.2 tonnes), the pound 
spawn-on-kelp fishery with 5.6% (488.2 tonnes), and the gill net sac roe fishery 
with 3.0% (239.0 tonnes). 

Several different gear types, including purse seines and trawls (pair, midwater, 
and otter) have been used to harvest herring in the Prince William Sound food- 
and-bait fishery (Table 2). The majority of the herring harvested in the food- 
and-bait fishery have been caught in purse seines. Since 1982 purse seines have 
been the only gear type used in the food-and-bait fishery. 

The two spawn-on-kelp fisheries have annually harvested an average of 199.3 
tonnes of spawn-on-kelp product since 1969. The wild spawn-on-kel p fishery has 
accounted for most of the spawn-on-kelp harvest, averaging 160.2 tonnes of spawn- 
on-kelp product (Table 3). However, the pound spawn-on-kelp fishery, which 
developed from the wild spawn-on- kelp fishery in 1979 and has been increasing 
rapidly since 1985 (Randall et al. 1985), has had an average harvest of 39.1 
tonnes of spawn-on-kelp product (Table 4). 

The spawning biomass of herring in Prince William Sound has been estimated since 
1978 from aerial surveys (Brady 1987). Aerial survey estimates have ranged from 
8,371.5 tonnes in 1978 to 46,348.1 tonnes in 1981 (Table 5). However, the 
accuracy or comparability of the aerial survey estimates was suspect due to 
differences in observers, weather, water visi bil i ty, varying school depths, and 
varying spawning potential of the herring due to differences in age structure 
(Randall et al. 1985; Brady 1987). Because of these differences, a second 
independent estimate was used in 1989 to estimate the spawning biomass (Biggs and 
Funk 1988). Spawn deposition surveys had been used extensively for estimating the 
spawning biomass of herring in British Columbia and Southeast A1 aska (Haegele et 
a1 . 1981 ; Bl ankenbeckl er and Larson 1987). 
Feasibility studies using spawn deposition survey techniques were conducted in 
Prince Wi 11 i am Sound in 1983 and 1984 by Jackson and Randal 1 (1983, 1984). They 
concluded that directly measuring spawn deposition was a more precise method o f  
estimating the spawning biomass than aerial surveys (Randall et al. 1985). From 
the feasibility studies, the total of spawning biomass of herring was estimated 
at 19,958.0 tonnes in 1983 and 72,311.8 tonnes in 1984 (Table 5). In 1988 a 



complete spawn deposition survey was conducted, and it provided an estimate of 
53,804.9 tonnes (Biggs and Funk 1988). The spawning success of herring has a1 so 
been measured indirectly since 1978 by mapping the amount of shore1 ine where 
spawning was aerially observed. This measurement, kilometers-of-spawning, has 
ranged from 76.3 km in 1978 up to 267.7 km in 1988 (Tab1 e 5). 

Age, weight, length, and sex (AWLS) information from the harvest and spawning 
biomass has been coll ected since 1973 (McCurdy 1986; Sandone et a1 . 1988a). 
Samples were collected from each commercial harvest and test fishing conducted 
by the Alaska Department of Fish and Game (ADF&G). AWLS information were used to 
estimate: (1) the age and sex composition, mean weight-at-age, mean length-at- 
age; and (2) the contribution of each age class to the harvest of each commercial 
fishery, the escapement biomass, and the total spawning biomass of herring within 
Prince William Sound. This information were also used to update harvest 
strategies, monitor year cl ass strengths, measure recruitment, and prepare a 
year-ahead forecast of abundance (Baker 1990). 

In 1989 a detailed stock assessment program was conducted on the herring stock 
in Prince Will iam Sound. The program consisted of monitoring the harvest from the 
1988 fall food-and-bait fishery; estimating the total spawning biomass in Prince 
William Sound in 1989; and estimating the age, weight, length, and sex 
composition of herring in the commercial harvest, escapement biomass, and total 
spawning biomass. Normal ly, the stock assessment program would have a1 so 
monitored the harvest of the 1989 spring sac roe and spawn-on-kelp fisheries. 
However, the 1989 spring fisheries were not opened in Prince William Sound 
because of the oil spill resulting from the grounding of the tanker M / V  Exxon 
Va7dez on 24 March 1989. The purpose of this report is to present the methods 
used and the results obtained from the stock assessment program. This report does 
not contain information concerning the effects of possible oil contamination on 
herring in Prince William Sound. 

Object ives 

The specific objectives of the 1989 stock assessment program were: 

1) to estimate the age, sex, and size composition of the commercial harvest 
of each fishery, escapement biomass, and total spawning biomass of herring 
in Prince William Sound; 

2) to measure the harvest and estimate the use of herring by the commercial 
fisheries in Prince William Sound; 

3) to estimate the total spawning biomass of the major herring stock(s) 
returning inshore to spawn in Prince William Sound from both aerial 
surveys and spawn deposition surveys ; and 

4) to map the location, duration, and intensity of herring spawning along the 
shoreline in Prince William Sound. 



In t h i s  r e p o r t ,  t h e  r e s u l t s  of t h e  1989 her r ing  s tock  assessment program were 
presented along with an overview of t h e  management of t h e  he r r ing  f i s h e r i e s  i n  
Prince William Sound. 

Herring Fisheries Management in Prince Wi77iam Sound 

The he r r ing  s tock  in  Prince William Sound i s  managed on a sus t a ined  y i e l d  b a s i s  
by fol lowing guidel  i ne  harves t  l e v e l s  s e t  f o r t h  by t h e  Alaska Board of F i she r i e s  
i n  1988 in  accordance with t h e  Prince William Sound Herring Management Plan 
(ADF&G 1989). The spawning biomass i s  p ro jec ted  from t h e  previous y e a r ' s  
escapement a s  es t imated  from t h e  spawn depos i t ion  and a e r i  a1 survey program, 
ad jus t ing  f o r  growth, m o r t a l i t y  and recrui tment  (Brannian 1989). Guidel ine 
harves t  l e v e l s  allow f o r  a s l  i d ing - sca l e  e x p l o i t a t i o n  r a t e  ranging from 0% t o  20% 
of t h e  pro jec ted  spawning biomass. Commercial f i s h i n g  i s  not allowed i f  t h e  
est imated spawning biomass i s  l e s s  than t h e  threshold  l eve l  of 7,620.0 tonnes.  
I f  t h e  pro jec ted  spawning biomass i s  between 7,620.0 and 38,556.0 tonnes,  t h e  
leve l  of ha rves t  i s  s e t  between 0.0% and 20.0% and i s  based upon t h e  Department's 
assessment of t h e  s t a t u s  of t h e  he r r ing  s tock .  I f  t h e  pro jec ted  spawning biomass 
i s  38,556.0 tonnes o r  g r e a t e r ,  then t h e  e x p l o i t a t i o n  r a t e  i s  s e t  a t  t h e  maximum 
of 20%. The guidel  i ne  harves t  of he r r ing  i s  a l l oca t ed  t o  each f i s h e r y  a s  fol lows:  
16.3% t o  t h e  food-and-bai t  f i s h e r y ;  8.0% t o  t h e  wild spawn-on-kelp f i s h e r y ;  14.2% 
t o  t h e  pound spawn-on-kelp f i s h e r y ;  58.1% t o  t h e  purse s e i n e  sac  roe  f i s h e r y ;  and 
3 . 4 % t o  t h e  g i l l  n e t  s a c  roe  f i s h e r y  (ADF&G 1989). Harvest quotas  f o r  t h e  spawn- 
on-kelp f i s h e r i e s  a r e  a l s o  s e t  using t h e  following r e l a t i o n s h i p s :  1.0 tonne of 
wild spawn-on-kelp may be taken f o r  every 8 .0  tonnes of her r ing  a l l o c a t e d  t o  wild 
spawn-on-kelp f i s h e r y ;  and 1 .0  tonne of  spawn-on-kelp in  pounds may be taken f o r  
every 12.5 tonnes of -herr ing a1 1 ocated t o '  t h e  pound spawnlon- kel p f i s h e r y  (ADF&G 
1989) . 
The food-and-bai t  purse f i s h e r y  i s  t h e  f i r s t  f i s h e r y  t o  occur i n  t h e  management 
yea r ,  1 J u l y  - 30 June. The food-and-bai t  f i s h e r y  opens by r egu la t ion  1 September 
and may extend through 31 January. However, t h e  f i s h e r y  i s  c losed  by emergency 
order  a u t h o r i t y  i f  t h e  guidel  ine  harves t  l eve l  i s  a t t a i n e d  p r i o r  t o  31 January. 
Even though t h e  primary gear  f o r  t h e  food-and-bai t  f i s h e r y  a r e  purse s e i n e s ,  t h e  
lega l  gea r  f o r  t h i s  f i s h e r y  includes purse s e i n e s ,  g i l l  n e t s ,  and t r a w l s  (ADF&G 
1988) . 
The pound spawn-on-kelp f i s h e r y  occurs  during April  and May. Purse s e i n e s  a r e  
used t o  c o l l e c t  mature her r ing  t h a t  have not y e t  spawned. The captured he r r ing  
a r e  t r a n s f e r r e d  from t h e  purse s e i n e  i n t o  a n e t  pen through t h e  use of n e t  doors .  
Af t e r  t h e  web of t h e  door of t h e  purse s e i n e  and t h e  ne t  pen have been laced  
toge the r ,  t h e  volume of  water enclosed in  t h e  purse s e i n e  i s  reduced. This  f o r c e s  
t h e  he r r ing  t o  swim i n t o  t h e  ne t  pen, a f t e r  which t h e  web door of  t h e  ne t  pen i s  
r a i s e d  and c losed .  The ne t  pen i s  then towed t o  t h e  pound s i t e  where t h e  he r r ing  
a r e  t r a n s f e r r e d  i n t o  t h e  pound in a s i m i l a r  fash ion .  However, before  t h e  t r a n s f e r  
of he r r ing  i n t o  a pound occurs ,  f ronds of imported Macrocystis a r e  suspended 
v e r t i c a l l y  from l i n e s  secured on t h e  s i d e s  of t h e  pounds. The kelp f ronds  serve  
a s  t h e  spawning s u b s t r a t e  f o r  t h e  adhesive her r ing  eggs. The her r ing  a r e  confined 
in  t h e  pound u n t i l  spawning a c t i v i t y  i s  completed. The her r ing  a r e  then r e l eased  
and t h e  r e s u l t i n g  spawn-on-kelp product i s  harvested.  The pound webbing a l s o  



r e c e i v e s  h e r r i n g  spawn and must remain i n  t h e  wa te r  u n t i l  t h e  h e r r i n g  embryos 
have hatched. A1 though t h e  a d u l t  h e r r i n g  a re  r e1  eased a f t e r  spawning, mo r ta l  i t y  
i s  though t  t o  be h i g h  due t o  s t r ess ,  t i s s u e  damage, and sca le  l o s s  which occurs  
d u r i n g  t h e  conf inement p e r i o d .  For management purposes, m o r t a l i t y  o f  t h e  pounded 
h e r r i n g  i s  assumed t o  be 100.0%. P a r t i c i p a t i o n  i n  t h e  pound f i s h e r y  i s  governed 
by t h e  Commercial F i s h e r i e s  E n t r y  Commission (CFEC) . 
The w i l d  spawn-on-kelp f i s h e r y  u s u a l l y  occurs  i n  l a t e  A p r i l  o r  e a r l y  May. The 
spawn-on-kelp p roduc t  i s  harvested by d i v i n g  and c u t t i n g  t h e  f r o n d  10.2 cm above 
t h e  stem o f  t h e  k e l p .  The l o c a t i o n  o f  t h e  w i l d  spawn-on-kelp f i s h e r y  i s  
determined f rom a e r i a l  surveys. The l o c a t i o n s  w i t h  t h e  l o n g e s t  d u r a t i o n  and 
i n t e n s i t y  o f  spawning a re  t h e  areas t h a t  w i l l  be opened f o r  h a r v e s t i n g  spawn-on- 
k e l p  p roduc t .  The w i l d  spawn-on-kelp f i s h e r y  has a  f i x e d  g u i d e l i n e  ha rves t  
a l l o c a t i o n .  The h e r r i n g  used i n  t h i s  f i s h e r y  i s  es t imated  based upon t h e  
assumption t h a t  t h e  mean r o e  recovery  i s  10.0% w i t h  80.0% o f  t h e  spawn-on-kelp 
p roduc t  c o n s i s t i n g  o f  r o e  (eggs).  

The purse  se ine  and g i l l  n e t  sac r o e  f i s h e r i e s  u s u a l l y  occur  d u r i n g  t h e  l a t e r  
h a l f  o f  A p r i l .  The t i m i n g  o f  t h e  sac r o e  f i s h e r i e s  i s  e s t a b l i s h e d  t o  c o i n c i d e  
w i t h  peak r o e  recove ry  which w i l l  maximize f i s h e r y  va lue .  To p reven t  gear  con- 
f l  i c t s ,  t h e  g i l l  n e t  sac r o e  f i s h e r y  u s u a l l y  f o l l o w s  t h e  c l o s u r e  o f  t h e  purse  
se ine  f i s h e r y  (A laska  Board o f  F i s h e r i e s  1986). P a r t i c i p a t i o n  i n  b o t h  sac r o e  
f i s h e r i e s  i s  governed by t h e  CFEC. 

For  1989 t h e  p r o j e c t e d  t o t a l  spawning biomass o f  h e r r i n g  i n  P r i nce  W i l l i a m  Sound 
was 49,803.6 tonnes, and t h e  t o t a l  ha r ves t  a l l o c a t i o n ,  based on a  20.0% 
e x p l o i t a t i o n  r a t e ,  was 9,960.9 tonnes (Brannian 1989). Fo l l ow ing  t h e  management 
p lan ,  t h e  g u i d e l i n e  ha rves t  o f  h e r r i n g  by f i s h e r y  was 1,623.9 tonnes t o  t h e  1988 
f ood -and -ba i t  f i s h e r y ,  796.5 tonnes t o  t h e  w i l d  spawn-on-kelp f i s h e r y  (conver ts  
t o  99.6 tonnes o f  spawn-on-kelp p roduc t ) ,  1,414.3 tonnes t o  t h e  pound spawn-on- 
k e l p  f i s h e r y  r e s u l t i n g  i n  113.2 tonnes o f  spawn-on-kelp p roduc t ;  5,787.3 tonnes 
t o  t h e  purse  se ine  sac r o e  f i s h e r y ;  and 338.7 tonnes t o  t h e  g i l l  n e t  sac r o e  
f i s h e r y .  

Harvest Information and Estimates 

I n f o r m a t i o n  on t h e  amount o f  h e r r i n g  harves ted  i n  t h e  1988 f ood -and -ba i t  f i s h e r y  
was ob ta i ned  f rom ha rves t  r e c e i p t s  ( f i s h  t i c k e t s )  which document each s a l e  by a  
1  icensed f isherman.  The ha rves t  r e c e i p t s  were t o t a l e d  a t  t h e  end o f  t h e  f i s h e r y  
t o  p r o v i d e  t h e  t o t a l  ha r ves t  f o r  t h e  f i s h e r y .  



Age, Weight, Length, and Sex Statistics 

Data Col 1 ect  i on 

Age, weight, length, and sex (AWLS) information were randomly collected from the 
1988 f a l l  commercial food-and-bait fishery and from the major sightings of 
spawning herring throughout Prince William Sound. Samples were obtained during 
the food-and-bait fishery from fishing vessels that  were randomly selected from 
throughout the management area, Ideally, during each fishing period, samples from 
the harvest of a minimum of five vessel were collected. Purse seine vessels 
brought the i r  harvests into the processors in Cordova; samples were dip-netted 
from the hold of the boats or were collected from the processor as they were 
pumped into the processing plant. Samples were collected from the major sightings 
of spawning herring by vessels chartered by the department. Purse seines were 
used to  col lect  herring from the major sightings of spawning biomass. Samples 
were dip-netted from the seine net catches. 

All samples collected during the spawning migration were placed in polyethylene 
bags and clearly labeled. The samples were picked up dai ly ,  or as weather 
permitted, by the aerial survey plane or by a chartered f loa t  plane. A1 1 samples 
were del ivered t o  the department's 1 aboratory in Cordova, placed in f ish to tes ,  
chilled with ice ,  and logged in a sampling notebook. 

I n  the lab, herring were randomly sampled from the f ish totes .  Ten herring were 
placed on a sampling t ray a t  one time. From each herring sampled, the weight was 
measured t o  the nearest 0.01 g using an electronic scale,  the standard length 
( t i p  of snout t o  the end of the hyperal plate) was measured to  the nearest 
millimeter using cal ipers ,  sex was determined from inspection of the gonads, and 
one readable scale was removed from the preferred area ( i . e . ,  the area between 
the l e f t  pectoral f in  and the la teral  l ine  approximately 3 -4  scales posterior to  
the f in  or ig in) .  

Each scale was cleaned and checked for  regeneration. If the scale was regenerated 
or unreadable, the process was repeated until one readable scale was found for  
each f i sh  sampled. The individual scales from the ten f ish were mounted on a 
1 abeled glass s l  ide (25 x 75 x 1 mm) by dipping the readable scale into mucilage 
glue solution (1:lO solution of mucilage glue and water) and placing on the glass 
s l ide .  Labels for  the glass s l ides  included year, f ishery, location, sample 
number, gear type, dates, and s l ide  number. Each scale was pressed firmly against 
the s l ide  with a paper towel a f te r  mounting t o  remove excess glue. After a l l  ten 
scales had been mounted on a s l ide,  a second glass s l ide was placed on t o p  of the 
f i r s t  and the two s l  ides were taped together with cellophane tape. The completed 
scale mounts were stored in a s l ide  box for subsequent age estimation and 
permanent storage. 

Age of each herring sampled was estimated from the mounted scales by a committee 
of two to  three persons. Scale images were projected on a microfiche reader (50 
x) and each person estimated the age from each scale independently. If there were 
di fferences between the estimated age, then the differences were discussed and 
the age was estimated by mutual consensus. 



Annulus f o r m u l a t i o n  i s  assumed t o  t a k e  p l ace  i n  t h e  s p r i n g  o f  t h e  yea r  p r i o r  t o  
spawning. Therefore,  a l l  h e r r i n g  captured i n  t h e  1988 food-and-ba i t  f i s h e r y  were 
f rom 5  t o  10 months o l d e r  than  t h e  h e r r i n g  captured i n  t h e  s p r i n g  spawning 
m i g r a t i o n  i n  1989. Because o f  t h i s ,  h e r r i n g  f rom t h e  food-and-ba i t  f i s h e r y  were 
f rom a  yea r  c l a s s  1  year  o l d e r  than  t h e  f i s h  sampled i n  t h e  1989 s p r i n g  spawning 
m i g r a t i o n .  For example, age-4 h e r r i n g  i n  t h e  1988 food-and-ba i t  f i s h e r y  were f rom 
t h e  1987 yea r  c lass ,  and age-4 h e r r i n g  f rom t h e  1989 spawning m i g r a t i o n  were f rom 
t h e  1985 yea r  c l a s s .  I n  a d d i t i o n ,  a l l  h e r r i n g  sampled d u r i n g  t h e  1989 spawning 
m i g r a t i o n  were assumed t o  have an annulus on t h e  o u t e r  edge o f  each sca le .  The 
h e r r i n g  sampled i n  t h e  food-and-ba i t  f i s h e r y  were n o t  assumed t o  have an annulus 
on t h e  o u t e r  edge o f  t h e  sca le  un less one was c l e a r l y  v i s i b l e .  

Sample Sizes 

Sampling f o r  AWLS i n f o r m a t i o n  was s t r a t i f i e d  by t ime, area, and f i s h e r y ,  and t h e  
sample s i z e s  f o r  each s t ra tum was s e t  a t  560 f i s h  f o r  t h e  1988 food-and-ba i t  
f i s h e r y .  Th i s  was reduced t o  450 f i s h  f o r  t h e  1989 f i s h e r i e s  because we found 
t h a t  t h e  sma l l e r  sample s i z e  would meet p r e c i s i o n  and accuracy requi rements and 
s t i  11 account f o r  unreadabl e  sca les.  The sample s i z e  a1 1  owed f o r  s imultaneous 
e s t i m a t i o n  o f  t h e  p r o p o r t i o n s  by age when sampl i n g  form a  mu1 t i n o m i a l  p o p u l a t i o n  
(Thompson 1987). The goal  was t o  s e l e c t  t h e  sma l l es t  sample s i z e  f o r  a  random 
sample f rom a  mu l t i nom ia l  popu la t i on  such t h a t  t h e  p r o b a b i l i t y  was a t  l e a s t  1-a 
( p r e c i  s i on )  t h a t  a1 1 t h e  es t imated  p r o p o r t i o n s  were s imu l taneous ly  w i t h i n  5% 
(accuracy = 0.05) o f  t h e  t r u e  age p r o p o r t i o n s  o f  t h e  popu la t i on .  I n  1988 t h e  
sample s i z e  was based on simultaneous conf idence i n t e r v a l s  f o r  t h e  b inomia l  
d i s t r i b u t i o n  where t h e  ma jo r  age c l a s s  comprised 50% o f  t h e  sample. The same 
l e v e l  o f  p r e c i s i o n  and accuracy was r e q u i r e d  and w i t h  5  age groups, a  sample s i z e  
o f  543 was increased t o  560 t o  account f o r  unreadable sca les  (D.R. Bernard, 
A laska Department o f  F i s h  and Game, Anchorage, personal  communication). I n  1989 
t h e  sma l l es t  sample s i z e  was again designed f o r  a  random sample f rom a  
mu l t i nom ia l  p o p u l a t i o n  such t h a t  t h e  p r o b a b i l i t y  was 90% t h a t  a l l  t h e  es t imated  
p r o p o r t i o n s  were s imu l taneous ly  w i t h i n  5% o f  t h e  t r u e  age p r o p o r t i o n s  o f  t h e  
popu la t i on .  I t  was shown t h a t  403 f i s h  would guarantee t h i s  l e v e l  o f  p r e c i s i o n  
and accuracy f o r  any number o f  age c lasses  and p r o p o r t i o n s  (Thompson 1987). The 
number o f  f i s h  was increased t o  450 t o  account f o r  unreadable sca les .  

We a l s o  examined temporal ( t ime)  and s p a t i a l  (area)  d i f f e r e n c e s  i n  t h e  AWLS 
composi t ion o f  h e r r i n g  i n  Pr ince  W i l l i a m  Sound. Samples c o l l e c t e d  f rom t h e  same 
l o c a t i o n  on success ive days o r  f rom ad jacen t  l o c a t i o n s  on t h e  same day were 
t e s t e d  f o r  d i f f e r e n c e s  i n  age composi t ions between samples w i t h  a  c h i  -square 
t e s t .  Subsamples o f  approx imate ly  300 h e r r i n g  were sampled f rom each s t r a t a .  I f  
t h e  age composi t ions o f  t h e  h e r r i n g  i n  t h e  subsamples were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (a > 0.05),  then  t h e  subsamples were pooled i n t o  one sample. However, 
i f  t h e  age composi t ions were s i g n i f i c a n t l y  d i f f e r e n t  (a  > 0.05), then  sampl ing 
con t inued  u n t i l  enough samples were c o l l e c t e d  f rom each s t ra tum.  

Data Ana l ys i  s  

The age composi t ion (Pa) by sex was es t imated  f o r  each t i m e - f i s h e r y  s t r a tum as 
f 01 1  ows : 



where, 

- 
na 

- number o f  male o r  female h e r r i n g  i n  t h e  sample t h a t  were age 
a, and 

n  - - t o t a l  number o f  h e r r i n g  i n  the  sample. 

The sex composit ion o f  h e r r i n g  f o r  each t i m e - f i s h e r y  s t ratum was est imated by 
d i v i d i n g  t h e  number o f  male o r  female f i s h  i n  a  sample by the  t o t a l  number o f  
f i s h  i n  a  sample and by m u l t i p l y i n g  t imes 100. 

The mean weight-at-age (Ma) f o r  h e r r i n g  was est imated f o r  each t i m e - f i s h e r y  
s t ratum as fo l l ows :  

where, 

W a 
- - i n d i v i d u a l  weight o f  i h e r r i n g  t h a t  were age a, and 
- 

a 
- number o f  h e r r i n g  i n  t he  sample t h a t  were age a. 

The var iance f o r  t h e  sample weight-at-age, Var[W,] , was est imated by: 

The standard d e v i a t i o n  o f  t he  sample weight-at-age was est imated by t a k i n g  the  
square r o o t  o f  equat ion (3 ) .  

The mean 1  ength-at-age, variance, and standard dev ia t i on  o f  t he  sample 1  ength-at -  
age measurements were ca l cu la ted  by s u b s t i t u t i n g  the  i n d i v i d u a l  l e n g t h  o f  each 
h e r r i n g  (La, )  f o r  Wai i n  equations ( 2 )  and (3 ) .  

The c o n t r i b u t i o n  o f  each age c lass  by weight t o  t he  harvest  o f  each commercial 
f i s h e r y ,  escapement biomass, and t o t a l  spawning biomass i n  each major spawning 
area was est imated by: 



where, 

a 
- - biomass o f  h e r r i n g  t h a t  was age a  i n  the  harvest  o f  each 

commercial f i s h e r y ,  escapement biomass, o r  t o t a l  spawning b i  
omass i n  each major spawning area; 

B - - t o t a l  biomass o f  h e r r i n g  i n  the  harvest  o f  each commercial 
f i she ry ,  escapement biomass, o r  t o t a l  spawning biomass i n  ea 
ch major spawning area. 

The c o n t r i b u t i o n  o f  each age c lass  by number t o  the  harvest  o f  each commercial 
f i s h e r y ,  escapement biomass, and t o t a l  spawning biomass f o r  each major spawning 
area was est imated by: 

The c o n t r i b u t i o n  o f  each age c lass  t o  the  h e r r i n g  harvested by t h e  commercial 
food-and-bai t  f i s h e r y  was est imated based upon the  age composit ion and mean 
weight-at -age o f  h e r r i n g  sampled du r ing  the  harvest.  The c o n t r i b u t i o n  o f  each age 
c lass  t o  t h e  escapement and t o t a l  spawning biomass (by weight and number), mean 
weight-at-age, and mean length-at -age was est imated f o r  h e r r i n g  i n  each o f  the  
major spawning areas from: (1) est imates o f  spawning biomass (spawn depos i t i on  
surveys) ; and ( 2 )  pooled samples o f  age, weight, and l eng th  data c o l l e c t e d  from 
h e r r i n g  captured by non-sel e c t i  ve gear (purse seines) w i t h i n  each major spawning 
area. 

The c o n t r i b u t i o n  o f  each age c lass  (by weight and number) t o  t he  escapement and 
t o t a l  spawning biomass was est imated by adding the  est imated spawning biomass 
from the  major spawning areas. The mean weight a t  age f o r  the  spawning biomass 
was est imated by d i v i d i n g  the  weight o f  each age c lass  by the  number o f  f i s h  i n  
each age c lass .  Mean length-at -age was n o t  est imated f o r  t he  escapement o r  t he  
t o t a l  spawning biomass. 

The e x p l o i t a t i o n  r a t e  (by weight) was est imated f o r  each age c lass  o f  h e r r i n g  by 
d i v i d i n g  the  weight o f  t he  t o t a l  harvest  by the  weight o f  t he  t o t a l  biomass. The 
e x p l o i t a t i o n  r a t e  (by number) was a l so  est imated f o r  each age c lass  by d i v i d i n g  
the  number h e r r i n g  i n  t he  t o t a l  harvest  by the  t o t a l  number o f  h e r r i n g  i n  Pr ince 
Wi l l i am Sound f o r  t he  1988-89 season. 



Aeria l  Surveys 

Aeri a1 Survey Methods 

A t o t a l  of 22 a e r i a l  surveys were flown between 30 March and 25 April  1989. Daily 
surveys were flown during t h e  major i ty  of t h e  her r ing  spawning migrat ion.  Aerial  
surveys were not flown on only 2 d because of adverse weather cond i t i ons .  Aerial  
surveys were usua l ly  flown from a f loa t -equipped  Cessna 185. Survey coverage of 
Prince Wi 11 i am Sound normally included the main1 and shore1 i ne from S t .  Mathews 
Bay t o  Eagl ek,  t h e  Naked Is1 and group, Green Is1 and, and t h e  no r theas t e rn  por t ion  
of Montague Is land  (Figure 2 ) .  Area of coverage was var ied  t o  focus on l o c a t i o n s  
were spawning a c t i v i t y  was concent ra ted .  A t yp ica l  survey covered up t o  805 km 
of coast1 ine  and was normally terminated by fue l  capac i ty  of t h e  a i r c r a f t ,  o r  
approximately 5 h of f l y i n g .  Tide s t age  was not c r i t i c a l ,  but i n  gene ra l ,  more 
he r r ing  were v i s i b l e  on a r i s i n g  t i d e .  

Biomass e s t ima te s  were made by convert ing su r f ace  a rea  e s t ima te s  t o  biomass. 
Schools of he r r ing  were c l a s s i f i e d  i n t o  t h r e e  d i f f e r e n t  c a t e g o r i e s  depending on 
est imated su r f ace  diameter .  A small  school was 15.25 m (50 f t )  i n  diameter  and 
corresponded t o  9.1 tonnes of he r r ing ,  a medium school was 30.5 m (100 f t )  i n  
diameter  and corresponded t o  36.3 tonnes of he r r ing ,  and a l a rge  school was 61.0 
m (200 f t )  i n  diameter  and corresponded t o  145.1 tonnes of he r r ing .  A t a l l y  
counter  was used t o  enumerate t h e  t o t a l  number of  smal l ,  medium, and l a rge  
schools .  The t o t a l s  were recorded on s tandardized d a t a  forms. 

To s t anda rd ize  t h e  observers  es t imates  of d i s t a n c e  on t h e  su r f ace  of t h e  water ,  
surveys were flown a t  a s tandard a1 t i t u d e  of 457.2 m (1500 f t )  . This  occas iona l ly  
was modified because of  low clouds o r  o t h e r  reasons.  A s i g h t i n g  tube  was used t o  
c a l i b r a t e  t h e  observer  t o  s tandard su r f ace  d i s t a n c e s  a t  a s p e c i f i e d  survey 
a1 t i  tude  and viewing angle.  

Spawning Biomass Estimation 

The annual peak biomass was est imated from a e r i a l  survey d a t a  a s  t h e  sum of t h e  
peak biomass e s t ima te s  recorded f o r  a l l  survey a reas  i n  Prince Will iam Sound 
where he r r ing  were observed. The only exception was i f  two s e p a r a t e  biomasses of 
he r r ing  spawned in  t h e  same a rea  and were c l e a r l y  temporal ly  d i s t i n c t .  In t h i s  
i n s t ance  two peak e s t ima te s  from t h e  same area  would be included in  t h e  annual 
peak biomass e s t ima te .  An example of t h i s  would be i f  a l a r g e  biomass of her r ing  
spawned in  Fairmont Bay, then no her r ing  were seen f o r  4 o r  5 d ,  and another  
l a r g e  biomass of her r ing  was observed spawning i n  Fairmont Bay. In t h i s  type  of 
s cena r io ,  t h e  peak e s t ima te  f o r  each biomass would be included i n  t h e  annual peak 
biomass e s t ima te .  In the p a s t ,  only t h e  l a r g e s t  of t h e  two biomass e s t ima te s  
would have been included in t h e  annual peak biomass e s t ima te .  

Ki 1 ometers of Spawning 

Areas of he r r ing  spawning a c t i v i t y ,  a s  ind ica ted  by white  m i l t  i n  t h e  water ,  were 
a l s o  documented on each survey. A s e t  of d e t a i l e d  maps was c a r r i e d  by t h e  



observer .  When spawning was observed i t  was c a r e f u l l y  cha r t ed  on t h e  a p p r o p r i a t e  
map t o  t h e  neares t  0.16 k i  1  ometers (0.1 m i  1  es) . The annual k i  1  ometers o f  spawning 
was es t ima ted  f rom t h e  a e r i a l  survey da ta  as t h e  sum o f  t h e  k i l o m e t e r s  o f  
s h o r e l i n e  where m i l t  was observed and char ted .  No ad justment  was made f o r  t h e  
i n t e n s i t y  of observed spawning. A  1 .O-km s e c t i o n  o f  beach t h a t  r e c e i v e s  spawn f o r  
o n l y  1 d  was g i v e n  t h e  same we igh t  as 1 .O-km s e c t i o n  o f  beach t h a t  r e c e i v e s  spawn 
f o r  2 d  o r  more. It should  be no ted  t h a t  t h e  k i l o m e t e r s  of spawning was 
cons idered  an index  o f  abundance f o r  t h e  h e r r i n g .  

Spawn Depos i t i on  Surveys 

The o b j e c t i v e  o f  t h e  spawn d e p o s i t i o n  surveys was t o  es t ima te  t h e  biomass o f  t h e  
spawning popul  a t i  on o f  h e r r i n g  i n  P r i nce  W i  11 i am Sound. Spawn d e p o s i t i o n  surveys 
were p a t t e r n e d  a f t e r  s i m i l a r  surveys i n  Southeast A laska (B lankenbeck ler  1987; 
B l  ankenbeckl e r  and Larson 1982, 1985, 1987), and B r i t i s h  Columbia (Schweiger t  e t  
a l .  1985). The t o t a l  spawning biomass was es t imated  i n  each ma jo r  spawning area 
based upon an es t ima te  o f  t h e  t o t a l  number o f  eggs depos i t ed  on t h e  spawning 
grounds i n  each area, i n c o r p o r a t i n g  es t imates  o f  mean weight ,  sex r a t i o ,  and 
f e c u n d i t y  o f  h e r r i n g .  Ma jo r  spawning areas were i d e n t i f i e d  and mapped d u r i n g  
a e r i a l  surveys. The t o t a l  spawning biomass was es t imated  by summing t h e  es t imates  
f rom a l l  t h e  ma jo r  spawning areas. 

Comparison o f  Spawning Biomass Est imates 

A biomass r a t i o  was es t imated  t o  compare t h e  t o t a l  spawning biomass es t imates  
f rom t h e  a e r i a l  surveys and spawn d e p o s i t i o n  surveys. The biomass r a t i o  was 
es t imated  as t h e  peak a e r i a l  survey es t ima te  d i v i d e d  by t h e  spawn d e p o s i t i o n  
survey es t ima te .  I n  comparing t h e  two spawning biomass es t imates ,  i t  must be 
remembered t h a t  t h e  peak a e r i  a1 survey es t ima te  i s  an es t ima te  o f  t h e  observable  
biomass and can be an es t imate  o f  t h e  t o t a l  spawning biomass, o r  t h e  biomass 
p resen t  j u s t  p r i o r  t o  t h e  sac r o e  f i s h e r i e s ,  whereas t h e  spawn d e p o s i t i o n  survey 
es t imates  a re  es t imates  t h e  spawning biomass a f t e r  t h e  comp le t ion  o f  t h e  sac r o e  
and spawn-on-kel p  f i s h e r i e s .  Therefore,  t h e  ha rves t  o f  t h e  commerci a1 f i s h e r i e s  
should  be added t o  t h e  spawn d e p o s i t i o n  survey es t ima te  when comparing t h e  two 
es t imates .  

RESULTS 

Harvest Est imates 

1988 Food-and-Bai t F i she ry  

The P r i n c e  W i l l  iam Sound f ood -and -ba i t  f i s h e r y  u s u a l l y  opens on 1 September. 
However, because o f  t h e  i n d u s t r y  demand f o r  a  h i ghe r  q u a l i t y  b a i t  w i t h  h i g h e r  o i l  
con ten t ,  t h e  opening o f  t h e  f i s h e r y  was de layed u n t i l  1  November 1988. The 



f i s h e r y  was c l osed  on 7  November 1989 by emergency o rde r  when t h e  f i s h e r y  was 
approaching t h e  g u i d e l i n e  ha rves t  l e v e l .  The m a j o r i t y  o f  h e r r i n g  were harves ted  
near  Red Head (F i gu re  2 ) .  A  t o t a l  o f  7  boats  harves ted  1,111.3 tonnes o r  12,139.9 
thousand h e r r i n g  d u r i n g  t h e  f i s h e r y  (Tab le  6) .  Age-4 h e r r i n g  comprised 38.7% o f  
t h e  ha rves t  by we igh t  and 37.7% by number (Table 7 ) .  The remainder o f  t h e  ha rves t  
was s p l i t  between age-2, age-3, age-5, and age-6 h e r r i n g .  The harves ted  h e r r i n g  
had a  mean we igh t  o f  91  g  and a  mean l e n g t h  o f  181 mm. The c o n t r i b u t i o n  o f  each 
age c l a s s  and mean we igh t -a t -age  o f  h e r r i n g  i n  t h e  ha rves t  were determined f rom 
an AWLS sample c o l l e c t e d  f rom t h e  commercial ha r ves t  a t  Red Head on 1 November 
1988 (Tabl  e  8) .  The sample o f  536 h e r r i n g  was composed o f  53.4% ma1 es and 46.6% 
females . 

1989 Sp r i ng  Sac Roe and Spawn-on-Kelp F i s h e r i e s  

The 1989 purse  se ine  sac r o e  f i s h e r y ,  g i l l  n e t  sac r o e  f i s h e r y ,  w i l d  spawn-on- 
k e l p  f i s h e r y ,  and pound spawn-on-kelp f i s h e r y  were n o t  opened i n  P r i n c e  W i l l  iam 
Sound due t o  t h e  o i l  s p i l l  r e s u l t i n g  f rom t h e  grounding o f  t h e  t anke r  M/V Exxon 
Valdez on 24 March 1989. 

To ta l  Harves t  

There were no s p r i n g  sac r o e  and spawn-on-kelp f i s h e r i e s  i n  1989. The o n l y  
ha rves t  d u r i n g  t h e  1988-89 season occur red  d u r i n g  t h e  1988 f ood -and -ba i t  f i s h e r y .  
A  t o t a l  o f  1,111.3 tonnes o f  h e r r i n g  were harves ted  by t h e  1988 f ood -and -ba i t  
f i s h e r y  (Tabl  es 6, 7) .  

Spawning Biomass Estimates 

Southeast-Shore Area 

There was no es t ima te  o f  spawning biomass f rom a e r i  a1 surveys, and 40.6 tonnes 
were es t ima ted  f rom t h e  spawn d e p o s i t i o n  surveys i n  t h e  sou theas t -shore  area 
(Tables 9, 10) .  However, i t  was es t imated  t h e r e  was 5.6 km o f  spawning i n  t h e  
area (Table  9 ) .  The k i l o m e t e r s  o f  spawning were f i r s t  observed i n  t h e  area on 7  
A p r i l  1989. 

Age-5 h e r r i n g  comprised 62.2% by we igh t  and 65.9% by number o f  t h e  h e r r i n g  i n  t h e  
area (Table  11). The h e r r i n g  had a  mean we igh t  o f  122 g  and mean l e n g t h  o f  212 
mm. The female h e r r i n g  had a  mean we igh t  o f  132 g  compared t o  122 g  f o r  t h e  
males. The c o n t r i b u t i o n  o f  each age c l a s s  and mean weight  was es t ima ted  based 
upon a  AWLS sample (n=528) c o l l e c t e d  f rom t e s t  pu rse  catches a t  Two Moon Bay on 
5  A p r i l  1989 (Table  12) .  Males composed 44.3% and females 55.7% o f  t h e  sample. 

Nor theast -Shore Area 

The t o t a l  spawning biomass es t ima te  o f  7,184.4 tonnes t h a t  was es t imated  f rom 
spawn d e p o s i t i o n  surveys was 1.81 t imes  l a r g e r  than  t h e  3,946.3 tonnes es t imated  



from a e r i a l  surveys i n  t h e  no r t heas t - sho re  area (Table  9) .  The m a j o r i t y  o f  t h e  
spawning biomass was observed f rom a e r i  a1 surveys on 12 A p r i  1  1989 (Tabl  e  10).  
H e r r i n g  spawned on an es t imated  34.8 km o f  shore l  i n e  (Tabl  e  9 ) .  The spawning 
biomass i n  t h e  area was dominated by age-5 h e r r i n g ,  which comprised 79.3% by 
we igh t  and 79.9% by number (Tab le  13) .  The remainder o f  t h e  spawning biomass was 
s p l i t  between age-4 (6.7% by we igh t )  and age-6 (7.1% by we igh t )  f i s h .  The h e r r i n g  
i n  t h i s  area had a  mean we igh t  o f  111 g  and mean l e n g t h  o f  205 mm. The female 
h e r r i n g  had a  mean we igh t  o f  115 g  compared t o  108 g  f o r  t h e  males. The 
c o n t r i b u t i o n  o f  each age c l a s s  and mean we igh t  was es t imated  based upon an AWLS 
sample c o l l  ec ted  f rom h e r r i n g  cap tu red  by cha r t e red  purse  se ine  f i s h i n g  vesse ls  
a t  Galena Bay and Johnson Cove on 12 A p r i  1  1989 (Tabl  e  14).  The sample o f  433 
h e r r i n g  was composed o f  53.6% ma1 es and 46.4% females. 

Nor th-Shore Area 

I n  t h e  no r t h - sho re  area t h e  t o t a l  spawning biomass es t ima te  o f  18,161.8 tonnes 
o f  h e r r i n g  f rom t h e  spawn d e p o s i t i o n  survey was 6.67 t imes  l a r g e r  t han  t h e  a e r i a l  
survey es t ima te  o f  2,721.6 tonnes (Tables 9  and 10) .  The m a j o r i t y  o f  t h e  spawning 
biomass were observed between 5  and 10 A p r i l  1989 d u r i n g  t h e  a e r i a l  surveys 
(Tab le  10).  H e r r i n g  spawned on an es t imated  49.4 km o f  s h o r e l i n e  i n  t h e  area 
(Table  9 ) .  Age-5 h e r r i n g  dominated t h e  biomass i n  t h e  area, compr is ing  63.6%, by 
we igh t ,  and 69.7%, by  number (Tab le  15 ) .  The remainder o f  t h e  spawning biomass 
was s p l i t  between age-6 (7.4% by we igh t ) ,  age-7 (6.0% by we igh t ) ,  age-8 (9.8% by 
we igh t ) ,  and age-9 (7.2% by we igh t )  h e r r i n g .  The h e r r i n g  i n  t h i s  area had a  mean 
we igh t  o f  129 g  and mean l e n g t h  o f  211 mm. The c o n t r i b u t i o n  o f  each age c l a s s  and 
t h e  mean we igh t  were determined f rom 1,243 AWLS samples c o l l e c t e d  f r om t e s t  f i s h  
purse se ine  catches a t  Unakwi k  I n l e t  and Olsen Cove on 4  A p r i l  1989 and Cedar Bay 
13 A p r i  1  1989 (Tabl  es 16 and 17) .  The h e r r i n g  sample (n=817) a t  Unakwi k  I n 1  e t  and 
01 sen Cove was composed o f  64.6% age-5 f i s h  (Tabl e  16).  Males composed 46.7% and 
females 53.3% o f  t h e  sample. The h e r r i n g  had a  mean we igh t  o f  134 g  and mean 
l e n g t h  o f  214 mm. The h e r r i n g  sample (n=426) a t  Cedar Bay was composed o f  79.3% 
age-5 f i s h  (Table  17).  The remainder o f  t h e  h e r r i n g  sampled were s p l i t  between 
age-4 (5.4%), and age-6 (6.3%) f i s h .  Males composed 57.0% o f  t h e  sample and 
females 42.9%. The h e r r i n g  had a  mean we igh t  o f  118 g  and mean l e n g t h  o f  206 mm. 

Naked I s l a n d  Area 

The t o t a l  spawning biomass es t ima te  o f  10,145.0 tonnes es t imated  f r om t h e  spawn 
d e p o s i t i o n  surveys was 2.43 t imes  l a r g e r  than  t h e  spawning biomass o f  4,340.9 
tonnes es t imated  f rom t h e  a e r i a l  surveys i n  t h e  Naked I s 1  and area (Tables 9  and 
10).  H e r r i n g  spawned on an es t imated  22.1 km o f  shore l  i n e  i n  t h e  area (Table  9 ) .  
The m a j o r i t y  o f  t h e  h e r r i n g  were observed and spawned i n  t h e  area between 6  and 
12 A p r i l  1989 (Table  10). The h e r r i n g  spawning i n  t h e  area were comprised o f  
76.8% by we igh t  and 80.0% by number age-5 h e r r i n g  (Tab le  18). The h e r r i n g  i n  t h i s  
area had a  mean we igh t  o f  117 g  and mean l e n g t h  o f  208 mm. The c o n t r i b u t i o n  o f  
each age c l a s s  and mean we igh t  was es t imated  based upon an AWLS sample c o l l e c t e d  
f rom t e s t  f i s h  purse  se ine  catches a t  Ou ts ide  Bay on 11 A p r i l  1989 (Table  19).  
The sample o f  419 h e r r i n g  was comprised o f  53.1% ma1 es and 46.9% females.  



Montague I s 1  and Area 

Based upon a e r i a l  survey est imates,  t h e  l a r g e s t  t o t a l  spawning biomass o f  
spawning h e r r i n g  was observed near  Montague I s 1  and (Tabl  e 9 ) .  I n  t h e  Montague 
I s l a n d  area, 24,947.6 tonnes o f  h e r r i n g  were es t imated  f rom a e r i a l  surveys and 
16,739.7 tonnes f rom t h e  spawn d e p o s i t i o n  surveys. The spawn d e p o s i t i o n  survey 
es t ima te  was 0.67 t imes  sma l l e r  than  t h e  a e r i a l  survey es t ima te  (Table  9 ) .  
H e r r i n g  spawned on an es t imated  46.5 km o f  shore l  i n e  i n  t h e  area (Tabl  e 9 ) .  Based 
upon t h e  a e r i a l  surveys, t h e  m a j o r i t y  o f  t h e  h e r r i n g  were observed and spawned 
i n  t h e  area between 12 and 15 A p r i l  1989 (Tables 10 ) .  The h e r r i n g  spawning i n  t h e  
area were comprised 85.0% by we igh t  and 84.7% by  number o f  age-5 h e r r i n g  (Table  
20). The h e r r i n g  i n  t h i s  area had a mean we igh t  o f  106 g and mean l e n g t h  o f  200 
mm . 
The c o n t r i b u t i o n  o f  each age c l a s s  and mean we igh t  was es t ima ted  based upon AWLS 
samples c o l l e c t e d  f rom t e s t  f i s h  purse  se ine  catches a t  Rocky Bay on 13 A p r i l  
1989, Z a i k o f  Bay on 17 A p r i l  1989, and Stockdale  Harbor on 18 A p r i l  1989 (Tables 
21-23).  The sampl e o f  443 h e r r i n g  a t  Rocky Bay was 55.4% ma1 es and 44.6% females 
(Tab le  21).  The h e r r i n g  a t  Rocky Bay had a mean we igh t  o f  108 g and mean l e n g t h  
o f  204 mm. A t  Za i  k o f  Bay, 437 f i s h  were sampled (Table  22). Males comprised 64.0% 
and females 36.0% o f  t h e  sample. The h e r r i n g  a t  Z a i k o f  Bay had a mean we igh t  o f  
111 g and mean l e n g t h  o f  201 mm. A t o t a l  o f  423 h e r r i n g  were sample a t  S tockda le  
Harbor (Tabl  e 23) .  The sample was composed o f  54.6% ma1 es and 45.4% females.  The 
f i s h  weighed an average o f  105 g; females averaged 110 g and males 101 g.  The 
h e r r i n g  had a mean l e n g t h  o f  195 mm. 

A1 1 Areas Combined 

The spawning biomass es t imate  o f  52,235.4 tonnes o f  h e r r i n g  f rom t h e  spawn 
d e p o s i t i o n  surveys was 1.45 t imes  l a r g e r  than  t h e  a e r i a l  survey es t ima te  o f  
35,956.3 tonnes f rom t h e  a e r i  a1 surveys (Tabl  es 9 and 10) .  H e r r i n g  were observed 
t o  have spawned on a t o t a l  o f  158.4 km o f  shore l  i n e  i n  t h e  f o u r  areas (Tab le  9 ) .  
The peak a e r i a l  survey es t imate  was on 12 A p r i l  1989 (Table  10).  Age-5 h e r r i n g  
comprised 75.2% by we igh t  and 78.4% by number o f  t h e  spawning h e r r i n g  (Tabl  e 24).  
The remainder  o f  t h e  spawning h e r r i n g  were s p l i t  between age-4 up t o  age-9 f i s h  
( n o t  i n c l u d i n g  age-5) .  The h e r r i n g  had an es t imated  mean we igh t  o f  116 g. The 
es t imated  spawning biomass, weight ,  and number was es t imated  by adding t h e  t o t a l  
spawning biomass est imates,  based upon t h e  spawn d e p o s i t i o n  surveys, f rom t h e  
f i v e  areas. 

Escapement Biomass, Total Spawning Biomass, and Exploitation Rate 

Because t h e r e  were no sac r o e  and spawn-on-kelp f i s h e r i e s  i n  t h e  s p r i n g  o f  1989, 
t h e  escapement was equal t o  t h e  t o t a l  spawning biomass. The t o t a l  spawning 
biomass f o r  a l l  areas was es t imated  t o  be 52,235.5 tonnes, o f  which 448,892.9 
thousand h e r r i n g  escaped t h e  ha rves t  and spawned i n  P r i nce  W i l l i a m  Sound i n  1989 
(Tabl  e 24). An es t imated  75.2% by we igh t  and 78.4% by number were age-5 h e r r i n g .  
The h e r r i n g  i n  t h e  escapement biomass had an es t imated  mean we igh t  o f  116 g. The 



escapement biomass was t h e  sum o f  t h e  es t imated  t o t a l  spawning biomasses f rom t h e  
areas surveyed f o r  spawn d e p o s i t i o n  (Table 9 ) .  

The e x p l o i t a t i o n  r a t e  f o r  h e r r i n g  i n  P r i nce  W i l l  i am Sound d u r i n g  1988-89 was 2.1% 
by we igh t  and 2.7% by number (Tables 25 and 26).  O f  t h e  t o t a l  spawning biomass 
o f  53,346.8 tonnes, o r  448,892.9 thousand he r r i ng ,  es t imated  t o  be i n  P r i nce  
W i l l i a m  Sound i n  1988-89, 1,111.3 tonnes o r  12,139.9 thousand h e r r i n g  were 
harvested by t h e  1988 food-and-ba i t  f i s h e r y  (Table 7 ) .  The e x p l o i t a t i o n  r a t e  f o r  
t h e  1989 s p r i n g  sac r o e  f i s h e r i e s  was 0.0% because t h e  f i s h e r i e s  were c l osed  i n  
1989 due t h e  o i l  s p i l l  r e s u l t i n g  f rom t h e  grounding o f  t h e  t anke r  N / V  Exxon 
Valdez on 24 March 1989. 

DISCUSSION 

The 1988 f ood -and -ba i t  f i s h e r y  was t h e  o n l y  f i s h e r y  t o  occur  i n  P r i nce  W i l l i a m  
Sound d u r i n g  t h e  1988-89 management season. The two sac r o e  and two spawn-on-kelp 
f i s h e r i e s  were c losed  because o f  t h e  o i l  s p i l l  r e s u l t i n g  f rom t h e  grounding o f  
t h e  t anke r  M/V Exxon Valdez on 24 March 1989. 

There were f i v e  major  spawning concent ra t ions  o f  h e r r i n g  i n  Pr ince  W i l l  iam Sound 
d u r i n g  1989: (1) southeast -shore area; (2) nor theas t -shore  area; (3 )  no r t h - sho re  
area; (4) Naked I s l a n d  area; and (5)  Montague I s l a n d  area. Both a e r i a l  surveys 
and spawn d e p o s i t i o n  surveys were conducted t o  es t ima te  t h e  spawning biomass i n  
t h e  f o u r  areas. The d i f f e r e n c e s  between spawning biomass es t imates  f rom a e r i a l  
surveys and spawn d e p o s i t i o n  surveys v a r i e d  g r e a t l y  between t h e  f i v e  major  
spawning areas. 

Wi th  t h e  1989 s p r i n g  f i s h e r i e s  n o t  be ing  opened, t h e  e x p l o i t a t i o n  r a t e  f o r  t h e  
1988-89 f i s h e r i e s  was es t imated  a t  2.1% by weight  and 2.7% by number. As was 
expected, t h e  ha rves t  by t h e  food-and- ba i  t f i shery, escapement b i  omass, and t o t a l  
spawning biomass o f  h e r r i n g  i n  Pr ince  W i l l  iam Sound d u r i n g  1988-89 was dominated 
by t h e  1984 yea r  c l ass .  Based upon we igh t  and number, t h e  1984 yea r  c l a s s  
comprised as l i t t l e  as 38.7% i n  t h e  1988 food-and-ba i t  f i s h e r y  and as h i g h  as 85% 
i n  t h e  1989 spawning biomass i n  t h e  Montague I s l a n d  area. 
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Table 1. Harvest of herring by the commercial food-and-bait and sac roe 
fisheries, and the estimated use of herring in the wild and pound 
spawn-on-kelp fisheries in Prince William Sound, Alaska, 1969-89. 

Herring Harvest Herring Use 
Total 

Sac Roe Fisheries Spawn-on-Kelp Fisheries Estimated 
Food-and-bait Harvest 

Fisherya Purse Seine Gill Net Pound Kelpb Wild KelpC and 
Harvest Use 
Yeard (tonnes) % (tonnes) % (tonnes) % (tonnes) I (tonnes) % (tonnes) 

Mean 675.2 14.1 4,685.2 65.9 239.0 3.0 488.2 5.6 1,281.4 28.3 6,258.6 
SE 125.4 5.9 705.9 3.9 47.7 0.6 143.4 1.4 212.0 6.0 823.3 
Min 4.4 0.1 322.7 22.9 1.5 0.0 15.1 0.2 19.2 1.8 341.9 
Max 1,285.0 100.0 12,492.5 94.4 483.8 6.5 1,410.7 13.2 3,327.9 98.7 14,544.0 

Gear type used included purse seine, pair trawl, mid-water trawl, and otter trawl. However, since 1982 
purse seines were used exclusively. 

b The equivalent harvest of herring used in the pound spawn-on-kelp fishery was estimated based on the 
assumption that 12.5 tonnes of herring was used to produce 1.0 tonne of spawn-on-kelp product. 
The equivalent harvest of herring used in the wild spawn-on-kelp fishery was estimated based on the 
assumptions that the average roe recovery was 10%. and 80% of the spawn-on-kelp harvest consisted of 
roe (eggs). 

d The harvest year for the fall food-and-bait fishery actually occurred in the year prior to the harvest 
year listed. As an example, the food-and-bait harvest in the 1988 harvest year was actually the harvest 
for the 1987 food-and-bait fishery. It was recorded this way because the management year for herring 
was defined to occur from 1 July through 31 June of the following year. 
There was no harvest or use of herring by the comnercial sac roe and spawn-on-kelp fisheries in Prince 
William Sound during 1989. All the sac roe and spawn-on-kelp fisheries were closed in 1989 because of 
the oil spill resulting from the grounding of the tanker M/V Exxon Valdez on 24 March 1989. 



Table 2. Commercial harvest of herring by the food-and-bait fishery in Prince 
William Sound, Alaska, 1970-88. 

Purse Seine Pair Trawl Mid-Water Trawl Otter Trawl Total 

Harvest Effort Harvest Effort Harvest Effort Harvest Effort Harvest Effort Harvest 
Year (Boats) (tonnes) (Boats) (tonnes) (Boats) (tonnes) (Boats) (tonnes) (Boat) (tonnes) 

n 1 6  1 6  5 5 2 2 1 1 1 6  1 6  
Mean 3.3 502 .1  2 . 2  315.4 1 .0  87.8 1 .0  2.3 4 . 1  675.4 
SE 0 .6  154.7 0 .2  1 5 3 . 1  0.0 5.8 0 .6  125.4 

Min 1 4.4 2 66.3 1 82.0 1 2.3 1 4.4 
Max 7 1,157.8 3 897.0 1 93.6 1 2.3 8 1,285.0 

Starting in 1977, food-and-bait herring season may have included two calendar years. 
Fishing season was opened by emergency order on 1 6  October 1978 and was extended on 7 January 1979.  
Deliveries were made through 2 March 1979. 
Fishing season was opened by emergency order 15  September 1979 and closed 3 1  December 1979. It was 
reopened by emergency order from 1 6  February 1980 and closed 2 8  February 1980. 
Fishing season was opened by regulation on 15 September 1980 and closed by emergency order on 7 
November 1980.  
Fishing season was opened by regulation on 15 September 1 9 8 1  and closed by emergency order on 30 
September 1981. 
Fishing season was opened by regulation on 1 September 1985 and closed by emergency order on 1 5  
February 1986. 
Fishing season was opened by regulation on 1 September 1986 and closed by emergency order on 24  October 
1986. 
Fishing season was opened by regulation on 1 September 1987 in the General District. The Northern and 
Eastern Herring Districts opened on 23 September 1987. The fishing season was then closed by emergency 
order on 6 October for a 5-week period, reopened on 9 November, and closed for the duration of the 
1987-88 season on 1 2  November 1987. 



Table 3. Summary of herring wild spawn-on-kelp harvest in Prince William 
Sound, Alaska, 1969-89. 

Spawn-on-Kelp Harvest Herring 
Fishery Effort Used 

Year Dates Hours  diver^)^ kg tonnes (tonneslb 

n 
Mean 
SE 
Min 
Max 

18 May-31 May 
19 Apr- 6 Jun 
18 Apr-15 May 
30 Apr-20 May 
23 Apr-26 May 
22 Apr- 4 May 
25 Apr-10 May 
21 Apr- ? 
27 Apr-31 Dec 
20 Apr-30 Apr 
25 Apr- 3 May 
23 Apr-30 Apr 10 

25 Apr 12 
5 May- 8 May 7 3 

27 Apr 12 
Season Closed 20 
6 May- 8 May 20 
30 Apr- 3 May 8 6 
15 Apr-17 Apr 44 
29 Apr-30 Apr 12 
Season Closed 

9 
3 2 
10 
10 
8 6 

Number of permits issued. 
b The amount of herring utilized was based upon the assumptions that the reproductive capacity of the 

herring was removed from the population and the average herring roe recovery was 10% and 80% of the 
spawn-on-kelp harvest consisted of roe (eggs). 
The herring wild spawn-on-kelp fishery in Prince William Sound was closed in 1989 due to the oil spill 
resulting from the grounding of the tanker M/V Exxon Valdez on 24 March 1989. 



Table 4. Summary of herring pound spawn-on-kelp harvest in Prince William 
Sound, Alaska, 1979-89. 

Ribbon Macrocystis Total Herring 
Fishery Permits Pounds Producing Use 

Year Datesa Issuedb Builtc Poundsd kg tonnes kg tonnes kg tomes (tonnes)' 

1980 14 Apr 14 4 2 803 0.8 399 0.4 1,202 1.2 15.0 
1981 14 Apr 18 18 7 7,810 7.8 953 1.0 8,762 8.8 109.5 
1982 29 Apr-10 May 25 20 18 22,754 22.8 408 0.4 23,163 23.2 289.5 
1983 30 Apr- 4 May 47 3 8 2 6 16,041 16.0 9,117 9.1 25,158 25.2 314.5 
1984 24 Apr- 8 May 65 4 5 37 5,824 5.8 17,042 17.0 22,866 22.9 285.8 
1985 25 Apr- 7 May 81 59 5 0 10,976 11.0 25,461 25.5 36,437 36.4 455.5 
1986 21 Apr-28 Apr 104 82 8 1 0 0.0 65,499 65.5 65,499 65.5 818.7 
1987 10 Apr-21 Apr 111 111 108 0 0.0 55,520 55.5 55,520 55.5 694.0 
1988 12 Apr-23 Apr 122 122 119 0 0.0 112,854 112.9 112,854 112.9 1,410.7 
198gQ Season Closed 

n 
Me an 
SE 
Min 
Max 

Dates the fishery was opened to seine herring for placement into pounds. 
b Permits issued to applicants on register prior to the March 1 deadline. 

Number of individual pounds constructed by the April 1 deadline, and consequently the number of 
individuals receiving an equal allocation of the guideline harvest. 

d Number of pounds that were successful in producing spawn-on-kelp product. Due to the group cooperation 
in this fishery production is frequently reported for a few individuals whose pounds did not produce 
spawn-on-kelp product. 
Production figures represent processed weights as reported on fish tickets. 

f The herring used in the pound spawn-on-kelp fishery was estimated based on the assumption that it takes 
12.5 tonnes of herring to produce 1.0 tonnes of spawn-on-kelp product. 

a The herring pound spawn-on-kelp fishery in Prince William Sound was closed in 1989 due to the oil spill 
resulting from the grounding of the tanker M/V Exxon Valdez on 24 March 1989. 



Table  5 .  S p a w n i n g b i o m a s s e s t i m a t e s a n d i n d i c e s f o r h e r r i n g i n P r i n c e W i l l i a m  
Sound, Alaska ,  1975-89. 

Spawning Biomass Biomass o f  H e r r i n g  
E s t i m a t e s  p e r  Ki lomete r  ( t o n n e s )  

P e a k A e r i a l  Spawn Ki lomete rs  A e r i a l  Spawn 
Survey D e p o s i t i o n  o  f Survey D e p o s i t i o n  Biomass 

Year ( t o n n e s )  ( t o n n e s )  Spawning Es t imate  E s t i m a t e  R a t i o a  

n  1 5  3b 12 1 2  3b 3b 
Mean 25 ,654 .9  59 ,450 .7  126.7  258.9 401.2  1 . 6 4  
SE 3 , 5 9 2 . 5  6 , 4 4 6 . 5  1 5 . 2  37 .9  1 4 4 . 8  0 .10  
Min 1 , 2 0 0 . 2  52 ,235 .5  7 6 . 3  108 .6  201.0  1 . 4 5  
Max 4 6 , 3 4 8 . 1  72 ,311 .8  267.7 526.9  682.6  1 . 7 5  

Biomass ratio was the spawn deposition spawning biomass estimate divided by the peak aerial survey 
spawning biomass estimate. 

b Estimate from 1983 spawn deposition survey was not included in sumnary estimates because the survey was 
a only a preliminary estimate. 



Table 6. Season, location, effort, and harvest, by gear type, for the 
commercial herring fisheries in Prince William Sound, Alaska, 1989. 

Fishery 

Fishing Information 
Harvest and 

Utilization (tonnes) 

Area Date Duration Effort Spawn-on-Kelp Herring 

Sac Roe Purse Seine 
Sac Roe Gill Net 
Natural Spawn-on-Kelpa 
Pound Spawn-on-Kelpb 

Season Closed 
Season Closed 
Season Closed 
Season Closed 

1989 Estimated Harvest and UseC 0.0 

1988 Food-and-bait Harvest 1 Nov- 7 Nov 1988 7 boats 1,111.3 

The harvest by divers of naturally occurring herring roe on native kelp species in Prince William 
Sound. 

b The harvest of herring spawn-on-kelp produced in net pens or pounds. 
The 1989 commercial sac roe and spawn-on-kelp fisheries for herring were closed due to the oil spill 
resulting from the grounding of the tanker M/V Exxon Valdez on 24 March 1989. 



Table 7. Estimates of the contributions of each age and year class to the 
herring harvested by the commercial purse seine food-and-bait 
fishery in Prince William Sound, Alaska, 1 November - 7 November 
1988. 

Harvest by Age Class 
Me an 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

Total 536 9 1 181 1,111.3 100.0 12,139.9 100.0 



l e  8. Age and sex composition, mean weight-at-age, and mean length-at-age 
of herring sampled from the harvest of the commercial purse seine 
food-and-bait fishery at Red Head, Prince William Sound, Alaska, 1 
November 1988. 

Age and Sex Composition Weight ( g )  Standard Length (mn) 

Male Female Combined Male Female Combined Male Female Combined ------ 
Age n % n % n % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 286 53.4 250 46.6 536 100.0 93 20 90 20 91 20 181 12 181 12 181 12 

Unaged 35 54.7 29 45.3 64 100.0 86 18 86 21 86 19 179 11 180 13 179 12 



Table 9. Spawning biomass estimates and indices, by area, for herring in 
Prince William Sound, Alaska, 1989. 

Survey Area 

Spawning Biomass Biomass of Herring 
Estimates per Kilometer (tonnes) 

Peak Observed 
Aerial Peak Aerial Spawn Kilometers Aerial Spawn 
Survey Survey Depositioa of Survey Deposition Biomass 
Datea (tonnes) (tonnes) Spawning Estimate Estimate RatioC 

Southeast Shore Area 0.0 40.6 5.6 0.0 7.2 
Northeast Shore Area 3,946.3 7,148.4 34.8 113.5 205.6 1.81 
North Shore Area 12 April 1989 2,721.6 18,161.8 49.4 55.1 367.4 6.67 
Naked Island Area 4.340.9 10.145.0 22.1 196.8 459.9 2.34 
Montague Island Area 24;947.6 16;739.7 46.5 536.2 359.8 0.67 

All Areas Total 12 April 1989 35,956.3 52,235.4 158.4 227.0 329.7 1.45 

Date(s) the peak biomass observations were made. 
b Herring spawning biomass estimates were made based on spawn deposition surveys. 

Biomass ratio was the spawn deposition spawning biomass estimate divided by the peak aerial survey 
spawning biomass estimate. 



Table 10. Estimated spawning biomass of herring in tonnes, by area and date, based on aerial surveys in 
Prince William Sound, Alaska, during 1989. Aerial surveys were not flown every day in all the areas 
because of limited flying time. 

Southeast-Shore Area Northeast-Shore Area Naked Island Montague Is. 
North-Shore Area Area Area 

Simpson Hinchin- Valdez Daily 
Sheep L Brook Port Port Tatitlek Bligh Arm & Freemantle Granite Pt. Naked Knight Montague Survey 

Date Islands Island Gravina Fidalgo Area Island Port Granite Pt. Esther Pass. Island Island Island Total Date 

Number of 
Surveys 15 7 14 20 20 13 20 21 20 22 19 19 23 
Peak Biomass Estimates 
by Area 9.1 63.5 63.5 1,723.7 898.1 235.9 4,998.6 3,728.5 8,781.6 4,340.9 190.5 24,947.6 49,981.4 
% of Total 0.0% 0.1% 0.1% 3.4% 1.8% 0.5% 10.0% 7.5% 17.6% 8.7% 0.4% 49.9% 100.0% 
by Major Areas 136.1 7,856.2 12,510.1 4,531.4 24,947.6 49,981.4 
% of Total 0.3% 15.7% 25.0% 9.1% 49.9% 100.0% 

NS = "No survey". * = Aerial survey estimates that were included in the peak biomass estimates. 



Table 11. Estimates of the contributions of each age and year class to the 
estimated spawning biomass (from spawn deposition surveys) of 
herring in the southeast-shore area, Prince William Sound Alaska, 
1989. 

Mean 
Year Age Number Weight 
Class Class Sampled (g) 

Biomass by Age Class 
Mean 

S t andard Percent Number Percent 
Length Weight by of Fish by 
(mm) (tonnes) Weight (x 1,000) Number 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

177 0.2 0.4 2.4 0.8 
192 1.9 4.7 20.6 6.4 
209 25.3 62.2 210.8 65.9 
2 14 3.5 8.7 27.3 8.5 
222 2.5 6.2 17.0 5.3 
231 4.6 11.3 27.3 8.5 
2 3 3 1.8 4.3 10.3 3.2 
246 0.5 1.2 2.4 0.8 
243 0.1 0.3 0.6 0.2 
242 0.2 0.6 1.2 0.4 

0.0 0.0 0.0 0.0 

Total 



Table 1 2 .  Age and sex composition, mean weight a t  age, and mean length  a t  age of 
he r r ing  sampled from t e s t  f i s h  purse s e ine  ca t ches  a t  Two Moon Bay, 
southeast-shore a rea ,  Pr ince  William Sound, Alaska, 5 Apr i l  1989.  

Age and Sex Composition Weight (9) Standard Length (mm) 

Male Female Combined Male Female Combined Male Female Combined 
~~~~~~ 

Age N % N % N % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 233 44.3 293 55.7 528100.0 122 28 132 27 127 28 210 16 213 13 212 14 

Unaged 15 53.6 13 46.4 28100.0 134 44 121 28 128 37 213 23 207 17 210 20 



Table 13. Estimates of the contributions of each age and year class to the 
estimated spawning biomass (from spawn deposition surveys) of 
herring in the northeast-shore area, Prince William Sound Alaska, 
1989. 

Biomass by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

Total 433 111 205 7,148.4 100.0 64,469.4 100.0 



Table 14. Age and sex composition, mean weight at age, and mean length at age 
of herring sampled fromtest fish purse seine catches at Galena Bay 
and Johnson Cove, northeast-shore area, Prince ~illiam Sound, 
Alaska, 12 April 1989. 

Age and Sex Composition Weight (9) Standard Length (mm) 

Male Female Combined Male Female Combined Male Female Combined 
~~~~~~ 

Age N % N % N % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 231 53.6 200 46.4 433100.0 108 20 115 21 111 21 204 11 206 11 205 11 

Unaged 15 41.7 21 58.3 38100.0 110 21 112 20 110 20 207 12 204 11 205 11 



Table 15. Estimates of the contributions of each age and year class to the 
estimated spawning biomass (from spawn deposition surveys) of 
herring in the north-shore area, Prince William Sound, Alaska, 1989. 

Year Age 
Class Class 

Biomass by Age Class 
Me an 

Mean Standard Percent Number Percent 
Number Weight Length Weight by of Fish 
Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

0 0.0 0.0 0.0 0.0 
0 0.0 0.0 0.0 0.0 
2 8 1 185 18.2 0.1 224.1 0.2 
5 8 9 5 193 617.5 3.4 6,499.9 4.7 
866 119 205 11,548.9 63.6 97,049.7 69.7 
8 6 140 217 1,349.3 7.4 9,637.7 6.9 
60 163 227 1,096.0 6.0 6,724.0 4.8 
9 1 175 232 1,784.7 9.8 10,198.1 7.3 
6 1 192 236 1,312.5 7.2 6,836.1 4.9 
10 213 248 238.7 1.3 1,120.7 0.8 
6 179 2 3 9 120.4 0.7 672.4 0.5 
3 225 2 5 1 75.6 0.4 336.2 0.2 
0 0.0 0.0 0.0 0.0 

-- - --- - -- 

Total 1,243 9 5 191 18,161.8 100.0 139,298.9 100.0 



Table 1 6 .  Age and sex  composition, mean weight a t  age, and mean l e n g t h  a t  age 
of h e r r i n g  sampled from tes t  f i s h  purse  s e i n e  ca t ches  a t  Unakwik 
I n l e t  and Olsen Cove, north-shore a r ea ,  P r ince  William Sound, 
Alaska, 4 Apr i l  1 9 8 9 .  

Age and Sex Composition Weight (g) Standard Length (mm) 

Male Female Combined Male Female Combined Male Female Combined 
~~~~~~ 

Age N % N % N % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 381 46.7 434 53.3 817100.0 130 32 137 32 134 32 213 15 215 15 214 15 

Unaged 39 43.8 50 56.2 89100.0 120 29 131 35 126 33 208 15 209 26 209 21 



Table 1 7 .  Age and s e x  composition, mean weight a t  age, and mean l eng th  a t  age 
of h e r r i n g  sampled from test  f i s h  purse  s e i n e  ca t ches  a t  Cedar Bay, 
north-shore a r ea ,  Pr ince  William Sound, Alaska, 13  A p r i l  1989. 

Age and Sex Composition Weight (9) Standard Length (mm) 

Male Female Combined Male Female Combined Male Female Combined 
-~~~~~ 

Age N % N % N % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 241 57.1 

Unaged 14 58.3 10 41.7 24100.0 118 29 118 18 118 25 206 15 205 7 206 12 



Table 18. Estimates of the contributions of each age and year class to the 
estimated spawning biomass (from spawn deposition surveys) of 
herring in the Naked Island area, Prince William Sound, Alaska, 
1989. 

Biomass by Age Class 
Mean 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mrn) (tonnes) Weight (x 1,000) Number 

Total 419 117 208 10,145.0 100.0 86,272.7 100.0 



Table 1 9 .  Age and sex  composition, mean weight a t  age, and mean l eng th  a t  age 
of h e r r i n g  sampled from test  f i s h  purse  s e i n e  ca t ches  a t  Outside 
Bay, Naked I s l a n d  a r ea ,  P r ince  William Sound, Alaska, 11 A p r i l  1989. 

Age and Sex Composition Weight (9) Standard Length (mm) 

Male Female Combined Male Female Combined Male Female Combined ------ 
Age N % N % N % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 222 53.1 196 46.9 419100.0 114 25 121 26 117 26 207 12 208 13 208 13 

Unaged 12 38.7 19 61.3 31100.0 108 22 127 29 120 27 206 12 210 12 209 12 



Table 20. Estimates of the contributions of each age and year class to the 
estimated spawning biomass (from spawn deposition surveys) of 
herring in the Montague Island area, Prince William Sound Alaska, 
1989. 

Biomass by Age Class 
Me an 

Mean Standard Percent Number Percent 
Year Age Number Weight Length Weight by of Fish 
Class Class Sampled (g) 

by 
(mm) (tonnes) Weight (x 1,000) Number 

Total 1,303 106 200 16,739.8 100.0 158,532.1 100.0 



Table 21. Age and sex composition, mean weight at age, and mean length at age 
of herring sampled fromtest fish purse seine catches at Rocky Bay, 
Montague Island area, Prince ~illiam Sound, Alaska, 13 ~ p r i l  1989. 

Age and Sex Composition Weight (9) Standard Length (mm) 

Male Female Combined Male Female Combined Male Female Combined 
~~~-~~ 

Age N % N % N % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 245 55.4 197 44.6 443100.0 105 18 113 20 108 19 204 11 205 12 204 11 

Unaged 1 1 4 . 3  6 85.7 7100.0 125 106 24 109 23 216 202 12 204 12 



.e 22. Age and sex composition, mean weight at age, and mean length at age 
of herring sampled from test fish purse seine catches at Zaikof Bay, 
Montague Island area, Prince William Sound, Alaska, 17 April 1989. 

Age and Sex Composition Weight (9) Standard Length (mm) 

Male Female Combined Male Female Combined Male Female Combined ------ 
Age N % N % N % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 276 64.0 155 36.0 437100.0 100 18 111 19 104 19 199 10 202 10 201 10 

Unaged 10 76.9 3 23.1 13100.0 106 27 136 22 113 28 204 16 214 5 206 15 



Table 23. Age and sex composition, mean weight at age, and mean length at age 
of herring sampled from test fish purse seine catches at Stockdale 
Harbor, Montague Island area, Prince William Sound, Alaska, 18 April 
1989. 

Age and Sex Composition Weight (g) Standard Length (mm) 

Male Female Combined Male Female Combined Male Female Combined 
ppp--p 

Age N % N % N % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

- 

Total 231 54.6 192 45.4 423100.0 101 21 110 24 105 23 194 14 197 13 195 13 

Unaged 11 40.7 16 59.3 27100.0 98 14 110 22 105 20 195 9 197 14 196 12 



Table 24. Estimates of the contributions of each age and year class to the 
estimated spawning biomass (from spawn deposition surveys) of 
herring in Prince William Sound, Alaska, 1989. 

Year Age 
Class Class 

Biomass by Age Class 

Mean Percent Number Percent 
Weight Weight by of Fish by 

(g) (tonnes) Weight (x 1,000) Number 

Total 116 52,235.5 100.0 448,892.9 100.0 



Table 25. Estimates of the exploitation rate, by weight, of each age and year 
class and a summary of the contributions of each age class and year 
class to the harvest , escapement biomass, and total spawning biomass 
of herring in Prince William Sound, Alaska, 1989. 

1989 Herring Sac Roe 
Harvest and Spawn-on-Kelp 

Use (tonnes) 

Sac Roe Roe-on-kelp 
1988 Fisheries Fisheries 1989 1989 1989 1988-89 1988-89 Estimated 

Food-and-Bait Harvest Escapement Spawning Total Combined Exploitation 
Year Age Harvest Purse Gill and Biomass Biomass Biomass Harvest Rate 
Class class (tonnes ) a  Seine Net Wild Pound Use (tonnes )b (tonnes )b (tonnes Ic (tonnes )d (by weightY 

Total 1,111.3 0.0 0.0 0.0 0.0 0.0 52,235.5 52,235.5 53,346.8 1,111.3 2.1 

The age class of a herring in the food-and-bait fishery corresponds to a one-year older age class in 
the spring spawning migration the following year. As an example, an age-2 fish in the 1988 food-and- 
bait fishery corresponds to an age-3 fish in the 1989 spring spawning migration. 

b The 1989 escapement and total spawning biomass was the estimated spawning biomass from the spawn 
deposition survey. 
The 1988-89 total biomass was the sum of the harvest of the 1988 food-and-bait fisherv and the 1989 
total spawning biomass. 

d The 1988-89 combined harvest and use was the harvest from the 1988 food-and-bait fishery. 
The estimated exuloitation rate was the 1988-89 combined harvested herring and eauivalent herring used 
divided by the i988-89 total biomass. 

- 



Table 26. Estimates of the exploitation rate, by number, of each age and year 
class and the contributions of each age class and year class to the 
harvest, escapement biomass, and total spawning biomass of herring in 
Prince William Sound, Alaska, 1989. 

1989 Herring Sac Roe 
Harvest and Spawn-on-Kelp 

Use (x 1,000) 

Sac Roe Spawn-on-kelp 
1988 Fisheries Fisheries 1989 1989 1989 1988-89 1988-89 Estimated 

Food-and-Bait Harvest Escapement Spawning Total Combined Exploitation 
Year Age Harvest Purse Gill and Biomass Biomass Biomass Harvest Rate 
Class Class (x l,OOO)a Seine Net Wild Pound Use (x l,OOO)b (x l,OOO)b (x l,OOO)C (x l,OOO)d (by number)= 

Total 12,139.9 0.0 0.0 0.0 0.0 0.0 448,892.9 448,892.9 461,032.8 12,139.9 2.6 

The age class of a herring in the food-and-bait fishery corresponds to a one-year older age class in the 
spring spawning migration. As an example, an age-2 fish in the 1988 food-and-bait fishery corresponds to 
an age-3 fish in the 1989 spring spawning migration. 

b The 1989 escapement and total spawning biomass was the estimated spawning biomass from the spawn deposition 
survev - 
The 1688-89 total biomass was the sum of the harvest of the 1988 food-and-bait fisherv and the 1989 total 
spawning biomass. 

d The 1988-89 combined harvest and use was the harvest from the 1988 food-and-bait fishery. 
The estimated exploitation rate was the 1988-89 combined harvested herring and equivalent herring divided 
by the 1988-89 total biomass. 



FIGURES 





Figure 2. Location of the major spawning areas for herring in 
Prince William Sound, Alaska, 1989. 



Because the Alaska Department of Fish and Game receives federal funding, all of its 
. public programs and activities are operated free from discrimination on the basis of race, 

religion, color, national origin, age, sex, or handicap. Any person who believes he or she 
has been discriminated against should write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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